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ECE 313 - Energy Systems and Distributed Generation 
Winter 2021 

Course Objective 
is course is intended to provide students with an understanding of the principles of operation, modeling and analysis of 
electric power systems. is course relies primarily on background courses covering ac circuit analysis (e.g., ECE 159, 212).  

Synchronous Meeting Times (via Quercus\BB Collaborate) 
Lectures 
 Mondays  12:10-13:00 
 Wednesdays 12:10-13:00 
 Fridays  11:10-12:00 
Tutorials   
 ursdays  16:10-17:00 
Labs 
 Mondays  15:00-18:00 
Office Hours 
 Mondays 11:00-12:00 
 Wednesdays 11:00-12:00 
Course Instructor 
 Zeb Tate (zeb.tate@utoronto.ca; please include “ECE313” in the subject line) 

Office Hours 
I will hold regular online office hours on Mondays and Wednesdays from 11-12 (the hour before lecture).  If you’d like to 
schedule an appointment at a different time, just send me an email & we can work something out. 

Textbook 
e following text has been assigned for this course: Power System Analysis and Design, Sixth Edition by Glover, Overbye, and 
Sarma (ISBN: 978-1-305-63213-4).  

Homework 
Homework will be assigned on Fridays and announced via the course website. Typically, the homework assignment is 3-4 
problems. Every two weeks, starting in the third week of the course, you will be asked to answer one of the problems from the 
past two homework assignments via an in-class quiz1. Each of these in-class homework quizzes will be at the last 10 minutes 
of lecture (with an extra 5-minute, no-penalty grace period for submission) and you will not be allowed to consult your notes 
or the textbook.  Certain numerical values may be changed (e.g., changing a resistor value from 2 ohms to 3 ohms) for the 
quiz, but they will otherwise be identical to the assigned problems. You are strongly encouraged to work the homework ahead 
of time (with others, ideally), as you are unlikely to be able to solve the problems quickly enough in class if you haven’t 
worked through them beforehand. 

Tutorials 
A weekly synchronous tutorial is associated with the course, and you are expected to attend. Tutorials will be used to answer 
questions about the course material, demonstrate solution techniques, and expand on the lecture materials. 

Midterm 
ere will be one two-hour midterm, tentatively scheduled for ursday, March 4.  You will be provided with a 12-hour 

                                                                 
1 The first homework quiz, on Jan. 27, will only cover the first homework assignment. The next quiz is two weeks later, on Feb. 10, covering the homework 
assigned on Jan. 22 and Jan. 29. The remaining homework quizzes are on Mar. 3, Mar. 17, Mar. 31, and Apr. 14. 

mailto:zeb.tate@utoronto.ca
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window (10AM-10PM, Toronto time) to complete the midterm, during which you can start whenever you’d like as long as 
you finish within 2 hours (1.5 hours to complete the midterm and 0.5 hours for scanning / uploading your handwritten 
solution). e midterm is closed-book and closed-notes, but you will be given an equation sheet (which will be posted on the 
course website in advance). Further details, such as the mechanism for uploading your solutions, will be provided closer to 
the midterm date. 

Laboratory 
e laboratory sessions use two commercial soware packages, PSCAD and PowerWorld Simulator. Both should be 
accessible to you via ECF Remote Desktop into BA3128 (the soware is not available on any other ECF machines). e labs 
consist of one mandatory introductory session (January 25) and four computer-based experiments (February 8, March 1, 
March 15, and March 29). You will have the option of completing the labs synchronously, with live TA support; 
asynchronously, with Piazza-based TA support; or a combination of the two (e.g., work the lab some beforehand then attend 
the lab hours for live assistance). For each lab, except the introductory lab, you will have to submit a lab report (equivalent to 
the in-lab questions the TAs would normally ask) based on a template provided to you. 

Academic Offenses 
You are encouraged to work together on the homework assignments outside of class, but you may not work together on the 
in-class quizzes or examinations. Any academic offenses will be handled according to faculty policy (see the Code of 
Behaviour on Academic Matters in the Faculty of Applied Science and Engineering Calendar).  

Unavoidable Absences 
If you are unavoidably absent at any time during the session, you need to follow the online petition process accessed through 
Portal. If you are not present for the final examination, alternative procedures must be followed (more information is 
available on the Faculty Registrar’s website). 

Calculators 
For all quizzes, the midterm, and the final examination, you are allowed & encouraged to use a non-programmable calculator. 
In constructing the assessments, I will assume you have access to a calculator that is capable of doing basic manipulation of 
complex numbers, including conversion to/from polar/rectangular coordinates, so you should familiarize yourself with your 
calculator’s capabilities in this regard. You are responsible for bringing your own calculator to in-class quizzes, the midterm, 
and the final examination.  

Final Examination 
e final exam will be similar to the midterm, but the solution time will be 3 hours (2.5 hours for the exam + 0.5 hours for 
submission) within a 12-hour window. e aids allowed for the final exam are one double-sided, handwritten, 8.5” x 11” aid 
sheet and a non-programmable calculator. 

Mark Composition 
Homework Quizzes: 25%2 
Laboratory: 20%  
Midterm: 25% 
Final Examination: 30% 

Catalog Description 

ECE313H1 S Energy Systems and Distributed Generation 
 

Three-phase systems; steady-state transmission line model; symmetrical three-phase faults; 
power system stability; symmetrical components; unsymmetrical faults and fault current 
calculation; distribution network; equivalent steady-state model of voltage-sourced converter; 
distributed energy resources (DR); distributed energy storage; interface between DR and 

38.4L/12.8T/19.2P 

                                                                 
2 Your lowest homework quiz mark will be dropped when determining your homework average. 

https://ssl.ecf.utoronto.ca/ecf/services/rd
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power system. 

Exclusion: ECE413H1 
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Learning Objectives 

Ac single-phase and three-phase circuit analysis 
• Convert back and forth from time-domain to phasor representations of ac circuits 
• Compute and explain the significance of the following quantities: average power, reactive power, and apparent 

power. 
• Conduct power factor correction to improve the power factor of a specified load. 
• Explain the difference between wye- and delta-connected three-phase systems. 
• Perform wye/delta conversion of voltages, currents, and load impedances. 
• Utilize per-phase techniques to simplify analyses of three-phase, balanced circuits. 

Transformers, transmission lines, and the per-unit system 
• Explain parameters of typical transformer models and how these parameters are determined through laboratory 

tests. 
• Utilize the per-unit system to solving circuits with multiple nominal voltage levels. 
• Based on a transmission line's geometry, determine the electrical characteristics (per unit length). 
• Use transmission line tables to determine the electrical characteristics of a transmission line with a specified 

geometry. 
• Based on a transmission line's (per unit length) electrical characteristics, develop short-, medium-, and long-length 

“ABCD” and equivalent circuit (“π”) models. 

Power flow, transient stability, and economic dispatch 
• Formulate and solve (using the Newton-Raphson method) the steady-state power flow equations for a given 

network. 
• Justify and use the “dc” approximation to the standard power flow equations. 
• Determine the optimal (cost-minimizing) dispatch of the generators on a power system to meet a specified load. 
• Formulate the coupled electrical and mechanical differential equations arising from a single generator connected to 

an infinite bus. 
• Identify the costs and benefits of utilizing distributed generation. 
• Explain how transitioning from traditional steam-based generation units to wind and solar power impacts power 

grid operations. 
• Apply numerical integration techniques to determine the dynamic behavior of a generator prior to, during, and after 

a three-phase fault. 
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Lecture Schedule 
Lecture # Day Date Topic 

1 Mon Jan. 11 Introduction & Logistics 
2 Wed Jan. 13 Fundamentals (2.1-2.3, 2.5-2.7) 
3 Fri Jan. 15   
4 Mon Jan. 18   
5 Wed Jan. 20  
6 Fri Jan. 22  
7 Mon Jan. 25 Power transformers & the per-unit system (3.1-3.5) 
8 Wed Jan. 27  
9 Fri Jan. 29 

 10 Mon Feb. 1   
11 Wed Feb. 3  
12 Fri Feb. 5 

 13 Mon Feb. 8 Transmission line parameters (4.1-4.2, 4.4-4.6, 4.8-4.9) 
14 Wed Feb. 10  
15 Fri Feb. 12  
16 Mon Feb. 22 Transmission line equivalent circuits (5.1-5.6) 
17 Wed Feb. 24  
18 Fri Feb. 26 Power flow calculations (2.4, 6.3, 6.4, 6.6, 6.10)  
19 Mon Mar. 1 

 20 Wed Mar. 3  
21 Fri Mar. 5  
22 Mon Mar. 8 

 23 Wed Mar. 10 Economic dispatch and optimal power flow (6.12, 6.13) 
24 Fri Mar. 12  
25 Mon Mar. 15  
26 Wed Mar. 17 

 27 Fri Mar. 19 Balanced short circuit calculations (7.1-7.5) 
28 Mon Mar. 22  
29 Wed Mar. 24 Transient stability (11.1-11.3) 
30 Fri Mar. 26  
31 Mon Mar. 29  
32 Wed Mar. 31   
33 Mon Apr. 5 Symmetrical components & unbalanced system analysis (8.1-8.5) 
34 Wed Apr. 7  
35 Fri Apr. 9  
36 Mon Apr. 12 Distributed & renewable generation (14.1, lecture notes) 
37 Wed Apr. 14  
38 Fri Apr. 16  

    

   - Designates Lab Days 
    

   - Designates Homework Quiz Days 
    

    Last Updated: 1/4/2021 
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Lab Schedule 
 PRA 01 

Introductory Lab 
PSCAD 

Jan. 25 

Lab 1 – Transformer energization 
PSCAD 

Feb. 8 

Lab 2 – Transmission line modeling 
PSCAD 

Mar. 1  

Lab 3 – Power flow and economic dispatch 
PowerWorld Simulator 

Mar. 15 

Lab 4 – Transient stability 
PowerWorld Simulator 

Mar. 29 
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Freedom of Information and Protection of Privacy Act (FIPPA) Disclosure 
is course, including your participation, will be recorded on video and will be available to students in the course for viewing 
remotely and aer each session. Course videos and materials belong to your instructor, the University, and/or other source 
depending on the specific facts of each situation, and are protected by copyright. In this course, you are permitted to 
download session videos and materials for your own academic use, but you should not copy, share, or use them for any other 
purpose without the explicit permission of the instructor. For questions about recording and use of videos in which you 
appear please contact your instructor. 

Inclusivity, Accommodations and Mental Health Support 

Statement on Inclusivity 
You belong here. The University of Toronto commits to all students, faculty and staff that you can learn, work and create in a 
welcoming, respectful and inclusive environment.  In this class, we embrace the broadest range of people and encourage their 
diverse perspectives. This team environment is how we will innovate and improve our collective academic success. You can 
read the evidence for this approach here. 
 
We expect each of us to take responsibility for the impact that our language, actions and interactions have on others. 
Engineering denounces discrimination, harassment and unwelcoming behaviour in all its forms. You have rights under the 
Ontario Human Rights Code. If you experience or witness any form of harassment or discrimination, including but not 
limited to, acts of racism, sexism, Islamophobia, anti-Semitism, homophobia, transphobia, ableism and ageism, please 
tell someone so we can intervene. Engineering takes these reports extremely seriously. You can talk to anyone you feel 
comfortable approaching, including your professor or TA, an academic  advisor, our Assistant Dean, Diversity, Inclusion and 
Professionalism, the Engineering Equity Diversity and Inclusion Action Group, any staff member or the 
U of T Equity Office. 
 
You are not alone. Here you can find a list of clubs and groups that support people who identify in many diverse ways. 
Working together, we can all achieve our full potential. 

Statement on Accommodations 
The University of Toronto supports accommodations for students with diverse learning needs, which may be associated with 
mental health conditions, learning disabilities, autism spectrum, ADHD, mobility impairments, functional/fine motor 
impairments, concussion or head injury, blindness and low vision, chronic health conditions, addictions, deafness and 
hearing loss, communication disorders and/or temporary disabilities, such as fractures and severe sprains, or recovery from 
an operation. 
 
If you have a learning need requiring an accommodation the University of Toronto recommends that students register as 
soon as possible with Accessibility Services. 
Phone: 416-978-8060 
Email: mailto:accessibility.services@utoronto.ca 

Statement on Mental Health 
As a university student, you may experience a range of health and/or mental health challenges that could result in significant 
barriers to achieving your personal and academic goals. Please note, the University of Toronto and the Faculty of Applied 
Science & Engineering offer a wide range of free and confidential services that could assist you during these times. 
 
As a U of T Engineering student, you have an Academic Advisor (undergraduate students) or a Graduate 
Administrator (graduate students) who can support you by advising on personal matters that impact your academics. 
Other resources that you may find helpful are listed on the  U of T Engineering Mental Health & Wellness webpage, and a 
small selection are also included here: 

• Accessibility Services & the On-Location Advisor 
• Graduate Engineering Council of Students' Mental Wellness  Commission 
• Health & Wellness 

https://hrandequity.utoronto.ca/inclusion/
https://www.weforum.org/agenda/2019/04/business-case-for-diversity-in-the-workplace/
http://www.ohrc.on.ca/en/students/%E2/%80/%99-handouts/fact-sheet-1-ontario-human-rights-code
https://undergrad.engineering.utoronto.ca/first-year-office-2/first-year-office-team/
mailto:marisa.sterling@utoronto.ca?subject=I%5C%20would%5C%20like%5C%20to%5C%20inform%5C%20you%5C%20about%5C%20a%5C%20harassing%5C%20and/or%5C%20discriminating%5C%20event%5C%20that%5C%20I%5C%20experienced%5C%20or%5C%20witnessed
mailto:marisa.sterling@utoronto.ca?subject=I%5C%20would%5C%20like%5C%20to%5C%20inform%5C%20you%5C%20about%5C%20a%5C%20harassing%5C%20and/or%5C%20discriminating%5C%20event%5C%20that%5C%20I%5C%20experienced%5C%20or%5C%20witnessed
https://www.engineering.utoronto.ca/about/equity-diversity-and-inclusion/
https://hrandequity.utoronto.ca/inclusion/equity-offices/
https://www.engineering.utoronto.ca/about/equity-diversity-and-inclusion/
https://studentlife.utoronto.ca/service/accessibility-services-registration-and-documentation-requirements/
mailto:accessibility.services@utoronto.ca
https://www.ece.utoronto.ca/undergraduates/office/
https://gradstudies.engineering.utoronto.ca/grad-admins/
https://gradstudies.engineering.utoronto.ca/grad-admins/
http://www.uofteng.ca/mentalhealth
https://studentlife.utoronto.ca/department/accessibility-services
https://undergrad.engineering.utoronto.ca/advising-and-wellness/accessibility-services/
https://gecos.sa.utoronto.ca/commissions/
https://studentlife.utoronto.ca/department/health-wellness/
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• On-Location Health & Wellness Engineering Counsellor 
• Inclusion & Transition Advisor 
• U of T Engineering Learning Strategist and Academic Success 
• My Student Support Program (MySSP) 
• Registrar’s Office 
• SKULE Mental Wellness 
• Scholarships & Financial Aid Office & Advisor 

 
If you find yourself feeling distressed and in need of more immediate support resources, consider reaching out to the 
counsellors at My Student Support Program (MySSP) or visiting the Feeling Distressed webpage. 

Land Acknowledgement 
I (we) wish to acknowledge this land on which the University of Toronto operates. For thousands of years it has been the 
traditional land of the Huron-Wendat, the Seneca, and most recently, the Mississaugas of the Credit River. Today, this 
meeting place is still the home to many Indigenous people from across Turtle Island and we are grateful to have the 
opportunity to work on this land. 
 

https://undergrad.engineering.utoronto.ca/advising-and-wellness/health-wellness/
https://undergrad.engineering.utoronto.ca/advising-and-wellness/academic-advising-2/inclusion-and-transition-advisor/
https://undergrad.engineering.utoronto.ca/advising-and-wellness/learning-skills-strategist/
https://studentlife.utoronto.ca/service/myssp/
https://undergrad.engineering.utoronto.ca/academics-registration/registrars-office-2/about-the-registrars-office/
http://wellness.skule.ca/
https://undergrad.engineering.utoronto.ca/fees-financial-aid/u-of-t-engineering-scholarships-financial-aid-office/
https://studentlife.utoronto.ca/service/myssp/
https://studentlife.utoronto.ca/task/support-when-you-feel-distressed/
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